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[0001] This application claims the benefit of Korean Patent Application No. 
2002-87395, filed on December 30, 2002, which is hereby incorporated by reference 
for all purposes as if fully set forth herein. This application incorporates by 
reference two co-pending applications, serial number 10/184,096, filed on June 28, 
2002, entitled "SYSTEM AND METHOD FOR MANUFACTURING LIQUID 
CRYSTAL DISPLAY DEVICES" (Attorney Docket Number 8733.666.00) and serial 
number 10/184,088, filed on June 28, 2002, entitled "SYSTEM FOR FABRICATING 
LIQUID CRYSTAL DISPLAY AND METHOD OF FABRICATING LIQUID 
CRYSTAL DISPLAY USING THE SAME" (8733.684.00), as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to liquid crystal display (LCD) panels. 
More particularly, the present invention relates to a method of forming seal patterns 
on the same base substrate for a plurality of LCD panels and a seal pattern forming 
device for forming the same. 

Description of the Related Art 

[0003] Generally, liquid crystal display (LCD) panels are fabricated by 
forming a thin film transistor (TFT) substrate in a TFT process; forming a color filter 
substrate in a color filter process, different from the TFT process; performing coating 
and rubbing processes to form alignment layers on the TFT array and color filter 
substrates; printing a seal pattern on the TFT array substrate, providing a spacer on 
the color filter substrate; attaching the TFT array substrate to the color filter substrate 
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via the printed seal pattern, wherein the spacer maintains a uniform cell gap between 
attached substrates; and injecting a liquid crystal between the attached TFT and color 
filter substrates. Moreover, a short is provided to connect a common electrode 
terminal of the color filter substrate to a bonding pad of the TFT array substrate. 

[0004] To improve the productivity in which LCD panels such as those 
described above are fabricated, a plurality of unit substrates of a single type (e.g., TFT 
array substrates or color filter substrates) can be formed on a first base substrate. 
Subsequently, a complementary base substrate, on which is formed a plurality of 
complementary unit substrates of a single type (e.g. e.g., color filter substrates or TFT 
array substrates, respectively), is attached to the first base substrate. Accordingly, a 
plurality of unit LCD panels are simultaneously formed by attaching the first base 
substrate to the complementary base substrate. 

[0005] Figure 1 illustrates a plan view of a plurality of first unit LCD panels 
formed on a base substrate, wherein the plurality of first unit LCD panels have a first 
size. Figure 2 illustrates a plan view of a plurality of second unit LCD panels 
formed on a base substrate, wherein the plurality of second unit LCD panels have a 
second size, greater than the first size. 

[0006] Referring to Figure 1, six first-type unit LCD panels 110 having a first 
size are formed using the same base substrate 100 and are spaced apart from each 
other by predetermined distances. Referring to Figure 2, however, only three 
second-type unit LCD panels 120 having a second size, greater than the first size, can 
be formed using the same base substrate 100 as shown in Figure 1. Accordingly, 
when the second-type unit LCD panels 120 are formed using the base substrate 100, a 
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portion of the base substrate 100 cannot be used to fabricate more second-type unit 
LCD panels. As illustrated above, the efficiency with which a base substrate 100 
can be used decreases as the size of the unit LCD panels formed on the base substrate 
100 increase. Accordingly, the productivity of fabricating unit LCD panels 
decreases while the cost of fabricating the unit LCD panels increases. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, the present invention is directed to a method of 
fabricating liquid crystal display (LCD) panels that substantially obviates one or more 
of the problems due to limitations and disadvantages of the related art. 

[0008] An advantage of the present invention provides a method of 
maximizing the efficiency with which a base substrate is used while fabricating LCD 
panels. 

[0009] Another advantage of the present invention provides a method of 
forming seal patterns and a seal pattern forming device capable of increasing the 
productivity at which LCD panels are fabricated. 

[0010] Additional features and advantages of the invention will be set forth in 
the description which follows, and in part will be apparent from the description, or 
may be learned by practice of the invention. These and other advantages of the 
invention will be realized and attained by the structure particularly pointed out in the 
written description and claims hereof as well as the appended drawings. 

[0011] To achieve these and other advantages and in accordance with the 
purpose of the present invention, as embodied and broadly described, a method for 
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fabricating an LCD panel may, for example, include providing a base substrate; 
forming at least one first image display region within a first panel region of the base 
substrate; forming at least one second image display region within a second panel 
region of the base substrate, wherein the at least one second image region is smaller 
than the at least one first image display region; forming at least one first seal pattern at 
a periphery of at least one first image display region by a first forming method; and 
forming at least one second seal pattern at a periphery of at least one second image 
display region by a second forming method. 

[0012] According to principles of another aspect of the present invention, a 
seal pattern forming device used in fabricating an LCD panel may, for example, 
include a first seal pattern former forming at least one first seal pattern on a first panel 
region of a base substrate by a first forming method; and a second seal pattern former 
forming at least one second seal pattern on a second panel region of the base substrate 
by a second forming method. 

[0013] According to the principles of the present invention, the efficiency 
with which a base substrate is used in fabricating LCD panels may be maximized 
because LCD panels having different sizes are formed on the same base substrates. 

[0014] It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] The accompanying drawings, which are included to provide a further 
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understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 
[0016] In the drawings: 

5 [0017] Figure 1 illustrates a plan view of a plurality of first-type unit LCD 

panels formed on a base substrate, wherein the plurality of first-type unit LCD panels 
have a first size; 

[0018] Figure 2 illustrates a plan view of a plurality of second-type unit LCD 
panels formed on the base substrate shown in Figure 1, wherein the plurality of 
10 second- type unit LCD panels have a second size, greater than the first size; 

[0019] Figure 3 illustrates a plan view of a plurality of LCD panels having 
different sizes formed on the same base substrate in accordance with principles of the 
present invention; 

[0020] Figure 4 illustrates a block diagram of a seal pattern forming device in 
15 accordance with principles of the present invention, wherein the seal pattern forming 

device is used in forming seal patterns; 

[0021] Figure 5 illustrates a schematic view of the first seal pattern former 
shown in Figure 4 forming a first seal pattern by a seal dispensing method; and 

[0022] Figures 6A and 6B illustrate schematic views of the second seal pattern 
20 former shown in Figure 4 forming a second seal pattern by a screen printing method. 



DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 



[0023] Reference will now be made in detail to embodiments of the present 
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invention, examples of which are illustrated in the accompanying drawings. 

[0024] Figure 3 illustrates a plan view of a plurality of LCD panels having 
different sizes formed on the same base substrate in accordance with principles of the 
present invention. 

[0025] According to principles of the present invention, a plurality of unit 
liquid crystal display (LCD) panels having different sizes may be simultaneously 
formed by fabricating unit substrates of a single type (e.g., TFT array substrates or 
color filter substrates) on the same base substrate. 

[0026] For example, a base substrate 300 may be divided into a first panel 
region 315 and a second panel region 325. In one aspect of the present invention, at 
least one first image display region 310 may be formed within the first panel region 
315 and at least one second image display region 320 may be formed within the 
second panel region 325, wherein the at least one first image display region 310 may 
be larger than the at least one second image display region 320. In another aspect of 
the present invention, each of the first and second image display regions 310 and 320, 
respectively, may be separated from each other by a predetermined distance to 
facilitate the execution of various LCD panel fabrication processes. 

[0027] According to principles of the present invention, the first and second 
image display regions 310 and 320 may be provided as unit TFT array substrates or 
unit color filter substrates. In one aspect of the present invention, the first and 
second image display regions 310 and 320 may be attached to complementary image 
display regions (not shown) to form a plurality of unit LCD panels. For example, if 
the first and second image display regions 310 and 320 are provided as TFT array 
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substrates, the complementary image display regions may be provided as suitably 
dimensioned color filter substrates. Alternatively, if the first and second image 
display regions 310 and 320 are provided as color filter substrates, the complementary 
image display regions may be provided as suitably dimensioned TFT array substrates. 
In one aspect of the present invention, the complementary image display regions may 
be formed on a complementary base substrate (not shown). In another aspect of the 
present invention, the complementary image display regions may be oriented within 
the complementary base substrate so as to be substantially aligned with corresponding 
ones of the first and second image display regions 310 and 320 upon attaching the 
base substrate 300 with the complementary base substrate. 

[0028] Referring still to Figure 3, when first and second image display regions 
310 and 320 are formed within the first and second panel regions 315 and 325, 
respectively, of the same base substrate 300, the efficiency with which the base 
substrate 300 is used may be increased compared to the efficiency with which the 
base substrate 100, shown in Figures 1 or 2, is used while forming unit LCD panels. 

[0029] In accordance with principles of the present invention, substantially 
any number of image display regions of substantially any size may be formed on the 
same base substrate to maximize the number of LCD panels that may be formed using 
a single base substrate. For example, the base substrate may simultaneously support 
four first image display regions, four second image display regions and two first 
image display regions, six second image display regions and one first image display 
region, two second image display regions, etc. 

[0030] A method of forming seal patterns for the aforementioned first and 
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second image display regions will now be described in greater detail below. 

[0031] Figure 4 illustrates a block diagram of a seal pattern forming device in 
accordance with principles of the present invention, wherein the seal pattern forming 
device is used in forming seal patterns. 

[0032] Referring to Figure 4, a seal pattern forming device may, for example, 
include a loader 420 for arranging a base substrate operably proximate a first seal 
pattern former 400; a second seal pattern former 410 capable of receiving the base 
substrate from the first seal pattern former 400; and an unloader 430 for unloading the 
base substrate, on which the first and second seal patterns are formed, from the second 
seal pattern former 410. In one aspect of the present invention, the first seal pattern 
former 400 may form a first seal pattern around each first image display region 310. 
In another aspect of the present invention, the second seal pattern former 410 may 
form a second seal pattern around each second image display region 320. 

[0033] In still another aspect of the present invention, the arrangement of the 
first and second seal pattern formers 400 and 410, respectively, may be transposed 
such that the loader 420 may arrange a base substrate operably proximate the second 
seal pattern former 410, the first seal pattern former 400 may receive the base 
substrate from the second seal pattern former 410, and the unloader 430 may unload 
the base substrate from the first seal pattern former 400. 

[0034] In yet another aspect of the present invention, the first seal pattern 
former 400 may form at least one first seal pattern on the base substrate according to a 
seal dispensing method while the second seal pattern former 410 may form at least 
one second seal pattern on the base substrate according to a screen forming method. 
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In still a further aspect of the present invention, the first seal pattern former 400 may 
simultaneously form a plurality of first seal patterns according to a seal dispensing 
method while the second seal pattern former 410 may simultaneously form a plurality 
of seal patterns according to a screen printing method. 

[0035] Figure 5 illustrates a schematic view of the first seal pattern former 
shown in Figure 4 forming a first seal pattern by a seal dispensing method. 

[0036] Referring to Figure 5, the first seal pattern former 400 may, for 
example, include a first table 500 for supporting the base substrate 300 and a plurality 
of sealant dispensers 520a-c fixed to a support 510 arranged over the first table 500. 

[0037] In one aspect of the present invention, the sealant dispensers 520a-c 
may be spaced apart from each other by a predetermined distance on the support 510, 
wherein the predetermined distance corresponds to the distance like regions of first 
image display regions 310a-c are spaced apart from each other within the first panel 
region 315 of the base substrate 300. In another aspect of the present invention, the 
sealant dispensers 520a-c may be provided with small, circular or rectangular-shaped, 
nozzles through which sealant material may be selectively dispensed directly onto the 
base substrate 300. 

[0038] According to principles of the present invention, the base substrate 300 
may be mounted on the first table 500 via the loader 420. Further, first sealant 
patterns 530a-c may be formed at a periphery of corresponding ones of the first image 
display regions 310a-c by moving at least one of the first table 500 and the support 
510 while selectively dispensing sealant material through nozzles of the sealant 
dispensers 520a-c. In one aspect of the present invention, first seal patterns 530a-c 
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may be formed at a periphery of corresponding ones of the first image display regions 
310a-c by moving the support 510 in front, rear, left, and right directions to move 
sealant dispensers 520a-c, in unison, relative to the first table 500. In another aspect 
of the present invention, first seal patterns 530a-c may be formed at a periphery of 
corresponding ones of the first image display regions 310a-c by moving the first table 
500, supporting the base substrate 300, in front, rear, left, and right directions relative 
to the sealant dispensers 520a-c fixed to the support 510. 

[0039] In one aspect of the present invention, the number of sealant dispensers 
fixed to the support 510 may be equal to the number of first image display regions on 
the base substrate 300. In another aspect of the present invention, the number of the 
sealant dispensers fixed to the support 510 may be less than or greater than the 
number of first image display regions formed on the base substrate 300. 
Accordingly, when the number of sealant dispensers is less than or greater than the 
number of first image display regions, some sealant dispensers fixed to the support 
510 may not dispense sealant material while others may. For example, if the first 
seal pattern former 400 includes three sealant dispensers and only two first image 
display regions are formed on the base substrate 300, the nozzle of one sealant 
dispenser may be cut off such that sealant material is not dispensed by that sealant 
dispenser. In still another aspect of the present invention, the number of first image 
display regions may be a multiple of the number of sealant dispensers. Accordingly, 
the sealant dispensers need not be cut off while forming the first sealant patterns. 

[0040] By forming seal patterns according to the aforementioned seal 
dispensing method, consumption of sealant material may be minimized by selectively 
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dispensing sealant directly onto the base substrate 300 at a periphery of the first image 
display regions 310a-c, thereby simultaneously forming a plurality of first seal 
patterns 530a-c. Further, by forming seal patterns according to the aforementioned 
seal dispensing method, the alignment direction provided by an alignment layer 
formed in the image display region may be prevented from becoming damaged. Still 
further, the plurality of sealant dispensers 520a-c may be prevented from contacting 
the first image display regions 310a-c while forming the seal patterns. Accordingly, a 
picture quality of subsequently formed unit LCD panels may be improved. 

[0041] Figures 6A and 6B illustrate schematic views of the second seal pattern 
former shown in Figure 4 forming a second seal pattern by a screen printing method. 

[0042] Referring to Figures 6 A and 6B, the second seal pattern former 410 
may, for example, include a second table 600 for supporting the base substrate 300; a 
screen mask 610 for selectively exposing a periphery of second image display regions 
320a-d on the base substrate 300; and a roller 640 for applying sealant material 650, 
disposed over the screen mask, through the screen mask 610 onto the base substrate 
300, thereby simultaneously forming a plurality of second seal patterns 630a-d at a 
periphery of second image display regions 320a-d, respectively. 

[0043] In one aspect of the present invention, the sealant material 650 may 
comprise a thermosetting sealant material. In another aspect of the present invention, 
at least one spacer (not shown) may be formed within each second image display 
region 320a-d in the same screen printing process used to form the plurality of second 
seal patterns 630a-d. According to the principles of the present invention, the 
spacers may be provided for maintaining a cell gap between subsequently attached 
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base substrate 300 and complementary base substrate (not shown). After the 
plurality of second seal patterns 630a-d (and spacers) are formed on the base substrate 
300, a drying process may be performed to evaporate solvent from within the sealant 
material 650. The drying process may also level the plurality of first and second seal 
patterns (and spacers) to ensure that the thickness and height of the sealant material 
structures are substantially uniform. If the seal patterns are not substantially uniform, 
a cell gap cannot be formed uniformly after hardening the seal pattern. 

[0044] By forming seal patterns according to the aforementioned screen 
printing method, a plurality of seal patterns may be formed on a substrate easily and 
efficiently. However, by coating sealant material 650 onto screen mask 610, the 
screen printing method consumes a larger amount of sealant material compared to the 
aforementioned seal dispensing method. Further, by forming seal patterns according 
to the aforementioned screen printing method, the screen mask 610 may contact the 
base substrate 300 and possibly damage the alignment direction provided by an 
alignment layer formed in the image display region. Accordingly, forming seal 
patterns by the aforementioned screen printing method may not be desirable in 
fabricating large-sized LCD panels such as unit LCD panels formed in the first panel 
region 315 of the base substrate 300 but is suitable in fabricating LCD panels such as 
unit LCD panels formed in the second panel region 320 of the base substrate. 

[0045] If the second seal patterns are formed using the same first seal pattern 
former used to form the first seal patterns, only one sealant dispenser could be used to 
form the second seal patterns because the sealant dispensers were fixed on the support 
in correspondence with the dimensions of the first image display regions. 
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Accordingly, when different-sized seal patterns are formed using the same seal pattern 
formers (e.g., the first seal pattern former), fabrication time is increased and 
productivity is lowered because only one type of seal pattern (e.g., the first seal 
pattern) may be efficiently formed using a single type of seal pattern former (e.g., the 
first seal pattern former) that performs a specific seal pattern forming process (e.g., a 
seal dispensing process). Therefore, and in accordance with the principles of the 
present invention, fabrication time may be decreased and productivity may be raised 
by forming different-sized seal patterns using different seal pattern formers (e.g., 
forming the second seal pattern according to the screen printing method via the 
second seal pattern former while forming the first seal pattern according to the seal 
dispensing method via the first seal pattern former). 

[0046] As shown in Figures 5 and 6, the first seal patterns 530a-c and the 
second seal patterns 630a-d may maintain a substantially uniform cell gap between 
subsequently attached substrates and to prevent subsequently provided liquid crystal 
material from seeping out of the first image display regions 310a-c and the second 
image display regions 320a-d. 

[0047] In one aspect of the present invention, the first and second seal patterns 
530a-c and 630a-d, respectively, formed at the periphery of the first image display 
regions 310a-c and 530a-d, respectively, may define and liquid crystal injection holes 
400 formed at one side thereof. Accordingly, after the unit substrates are attached to 
complementary unit substrates, liquid crystal material may be injected through the 
injection holes 400 and into the cell gap. In another aspect of the present invention, 
however, the first and second seal patterns 530a-c and 630a-d, respectively, may be 
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formed at the periphery of the first image display regions 310a-c and 530a-d, 
respectively, may be provided in a closed pattern, without the liquid crystal injection 
holes 400. Accordingly, liquid crystal material may be dispensed directly onto a unit 
substrate and subsequently attached to a complementary unit substrate upon 
fabricating unit LCD panels. 

[0048] After seal patterns are formed at a periphery of each image display 
region of the base substrate 300, the base substrate 300 may be attached to a 
complementary base substrate (not shown), wherein the complementary base substrate 
includes complementary image display regions corresponding in number and 
orientation to the image display regions formed within the first and second panel 
regions 315 and 325. During the attaching process, the two base substrates may be 
aligned with respect to each other, the complementary base substrate may contact the 
seal patterns, and the seal patterns may then be hardened. In one aspect of the 
present invention, the cell gap should be uniformly maintained during the hardening. 
Accordingly, the seal pattern may be formed from thermosetting material and 
hardened using a hot press method. In one aspect of the present invention, the seal 
pattern may be formed from a material that is hardened upon exposure to UV light. 
In another aspect of the present invention, the UV curable sealant material may 
include a thermosetting sealant. In still another aspect of the present invention, the 
seal pattern may be hardened using a heating method and a UV curing method. 

[0049] After the base substrate 300 is attached to the complementary base 
substrate, scribe and break processes may be performed to complete fabrication of the 
unit LCD panels. During the scribe process, for example, a diamond-tipped pen or 
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wheel may be used to form groove in the surface of the base substrate 300. During 
the break process, for example, unit LCD panels formed as a result of the attaching 
process are separated from each other from within the attached base substrates. 
Accordingly, a plurality of LCD panels having different sizes may be fabricated from 
the same base substrates. 

[0050] As described above, unit LCD panels of two different sizes may be 
simultaneously formed within the same base substrate using, at least in part, the first 
and second seal pattern formers. According to principles of the present invention, 
however, a plurality of unit LCD panels of substantially any size may be 
simultaneously formed within the same base substrate by providing the first seal 
pattern former, the second seal pattern former, and other seal pattern formers, within 
the seal pattern forming device shown in Figure 4. For example, the seal pattern 
forming device may include a plurality of seal pattern formers capable of forming seal 
patterns according to the seal dispensing method, a plurality of seal pattern formers 
capable of forming seal patterns according to the screen printing method, and the like. 
In one aspect of the present invention, each seal pattern former may comprise at least 
one screen mask, sealant dispenser, etc., configured to form a seal pattern for a image 
display region of a predetermined size and orientation within a base substrate. 

[0051] The principles of the present invention are advantageous because LCD 
panels having a plurality of different sizes may be formed within the same base 
substrate, thereby increasing the efficiency with which the base substrate by 
minimizing the area of the base substrate that is not used. Moreover, by forming seal 
patterns using diverse, in-line, seal pattern formers, productivity of LCD panel 
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fabrication may be improved. 

[0052] It will be apparent to those skilled in the art that various modifications 
and variation can be made in the present invention without departing from the spirit or 
scope of the invention. Thus, it is intended that the present invention cover the 
5 modifications and variations of this invention provided they come within the scope of 

the appended claims and their equivalents. 
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